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Introduction
The origin of the Schottky barrier at the metal/III-V semiconductor interface is of a great importance because its comprehension is bonded to technological applications, the Schottky diode being one of the most elementary of electronic devices. During the last few years, a large effort has been devoted to the research of the metal-semiconductor interface and different models have been proposed (1). The most studied system is those of the metal on the (110) face of the 111-V's because there are no electronic states in the band gap and therefore it is easy to follow the electronic role of the metal on the surface properties. It is now well established that the barrier is controled by interface states, appearing at the first stages of metallization which are resulting from defects at or near the surface of the semiconductor ; the "unified model" ( 2 ) has been developped to explain the Fermi level pinning by cation and anion vacancies.
The aim o f t h i s work is t o b r i n g a c o n t r i b u t i o n on t h i s main p o i n t . I n a f i r s t t i m e , we have s t u d i e d t h e i d e a l v a c a n c i e s a t a well c h a r a c t e r i z e d (110) z i n cb l e n d e s u r f a c e and t h e i r i n f l u e n c e on t h e S c h o t t k y b a r r i e r .
For t h u s , we have choosen :
-a p a r a m e t e r which i n t r o d u c e s t h e p e r t u r b a t i o n i n h e r e n t t o t h e s u r f a c e , a s s a y t h e e l e c t r o s t a t i c p o t e n t i a l .
-a model which q u a l i t a t i v e l y d e s c r i b e s t h e p h y s i c a l p r o p e r t i e s o f t h e b u l k o f t h e 1 1 1 -V compounds v e r s u s o n e p a r a m e t e r , t h e i o n i c i t y , a s s a y t h e m o l e c u l a r model.
-t o c h a r a c t e r i z e t h e i d e a l s u r f a c e by mean o f a s e l f c o n s i s t e n t c a l c u l a t i o n .
-t o s t u d y t h e e f f e c t o f p o n c t u a l d e f e c t l i k e v a a a n c i e s on t h e e l e c t r o n i c s t r u c t u r e .
E l e c t r o n i c s t r u c t u r e o f t h e i d e a l s u r f a c e Descfipf !on-of -fhe-b~!k-~-!01ec~1af:~?!0!~~ P r i o r t o i n t r o d u c e t h e v a c a n c i e s a t t h e s u r f a c e , w e must have a c h a r a c t e r i z a t i o n o f t h e i d e a l s u r f a c e . For t h u s , we need a p a r a m e t e r which shows t h e p e r t u r b a t i o n c r e a t e d by t h e s u r f a c e i t -s e l f : w e have choosen t h e e l e c t r o s t a t i c e n e r g y b e c a u s e it i s a f u n c t i o n of t h e i o n i c i t y o f t h e bond and a l l Xis a p a r a m e t e r which t a k e s t h e bond p o l a r i t y i n t o a c c o u n t . S i n c e t h e atoms h a v e a d i f f e r e n t e l e c t r o n e g a t i v i t y , t h e r e is a n e t c h a r g e on e v e r y atom : nAO = c h a r g e i n t h e b u l k -c h a r g e o f t h e f r e e atom (N). The n e u t r a l i t y o f t h e c r y s t a l b r i n g s t o : nBO = -nAO.
W e c a n t h e n d e f i n e t h e i o n i c i t y o f t h e bond a s : -
The resolution of the Schroedinger equation in a self consistent manner brings to the results of table I (6). Table I -The different parameters of the molecular model.
There is a charge transfer from the atom 111 to the atom V in all the cases in good agreement with several published results (7) and a linear relation exists with the ionicity ( ,, ,, The creation of the surface gives rise to the disparition of a part of the energetic interactions and the electronic structure of the first layers is modified: the net charges are not the same as in the bulk and the resulting potential strengths too. Like it is evident these two quantities are independent, the use of self consistence is necessary. Then we have to fit the molecular model to the case of the surface who there is only two dimensions. The principle of calculation is : a -to cut the crystal in parallel plans oriented (110), identified by the index j ; b -the net charge of the atoms in j plan is noted n ., n . and n -nAO and nBi = nBO, except for the plans perturbed by $Re stsface. Aj Bk e -from the expression of the variations nAj, nBj, qAj, dBj, we have a set of linear equations, whose dimension is limited by the depth of the perturbation.
The calculations are then self consistent and have been developped in r6f. 6.
In the Table 11 , are reported the charges transfers at the surface and in the perturbated plans and the associated energy levels. Table I1 Gap InP Some trends are arising from the results : a -the perturbation created by the surface runs on two plans and has an oscillatory natur b -the answer of the system is a charge transfer in all the case:
+ an excess of electrons on the more electronegative atom at the surface (a lack of electrons on the electropositive one) + a lack of electrons on the more electronegative atom on the first intern plan. c -these transfer lead to a more ionic surface than the bulk d -a true relation exist between the magnitude of the transfer and the ionicity : the more important are the transfers, the weaker the ionicity.
1.42
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The intra-atomic terms of the electronegativ atoms at the surface are always weaker than those of the electropositiv one, except for GaSb for which the instability is great. From a general point of view, our results are in good agreement with experimental observations and theoritical calculation. The interesting point is the relation of the perturbation with the compound ionicity. It is known (8) that the "covalent reconstruction" produces atom displacements up to three plans in the bulk, little variations of the bond length, while the "ionic one" is only characterized by a surface relaxation and more important changes in the bond length.
0.424
Owing to the fact that there is a change in the Ga 3d and As 3d core level binding energies, Eastman and al. (9) deduce that the GaAs surface is more ionic than the bulk. Therefore, calculations of Pandey (9) support this hypothesis ; they find that the charge transfer from Ga to As at the surface is of order of 0.3 electron, this effect being reduced by surface relaxation. We have neglected this point because the aim of relaxation is to minimize the surface energy and then it is clear that it would reduce the charge transfer at the surface and bring the energy levels closer to the bands without modify the tendency in Charge transfers and energy levels associated to the vacancie In the molecular model, a vacancie is created by taking out an atom from the lattice and neglecting the induced distorsion and the coupling between the nearest neighbors dangling bonds. The formalism of the calculation is : a -to create a vacancie at the (110) surface of the 111-V compounds b -to distribute the keeping electronic charge on the dangling bonds, taking the neutrality of the bond and the situation at the ideal surface (more ionic than the bulk) into account.
c -to calculate in a self consistent way the effect on the electronic structure of the neighbors.
We have supposed that the vacancie is created in its bulk charge stage as say the V vacancie corresponds to the disappearing of 5 + n O electrons and a I11 one to those of 3 + n O . Then, 3 + nAs in the case V ani) 5 t nBs in the case 111, electrons have to be gistributed in the dangling bonds.
The evaluation of the intra-atomic terms is made in the same manner as for the surface : they are linear functions of the net charges on the atoms produced by the vacancie. But the defect has a very low symmetry and the resulting potential is localized around the vacancie. Therefore, for the coulomb-type interactions, which are the proportionality coefficients of the linear relations, it is not possible to use a method based on the periodicity like the k representation in a plan. We have choosen to directly evaluate the interactions between perturbated atoms with sums of the form 1 . The intra-atomic terms are expressed as : r where : y is the index of the atom natur : A-B i is the index of the plan to which the y atom belongs j is the index locating the position of the y atom of the i plan with ~espect to the vacancie.
As for the surface, the charge changes on a bond are a linear function of the intra-atomic terms of the two atoms indebded in the bond. This lead to a set of linear equations.
The results are summarized in Table I11 for the net charges on the atom with respect to their charge level in the case of the ideal surface and in table IV for the electronic levels associated to the dangling bonds.
The remarquable trends are : a -the perturbation converges quickly and is nearly localized on the nearest neighbors of the vacancie.
b -the answer of the system is a charge transfer, which is function of the situation before the introduction of the defect : for a V vacancie for example, an excess of electrons is distributed. The nearest neighbors I~I have before the defect a lack of electrons for those of the surface plan and an excess for those of the first in-plan. After the defect, the atoms at the surface have recovered the distributed excess and those of the first in-plan have lost a part of their charge.
c -t h e magnitude o f t h e t r a n s f e r d e c r e a s e s w i t h t h e i n c r e a s i n g i o n i c i t y .
d -t h e s e c h a r g e t r a n s f e r s b r i n g t h e n e i g h b o r o f t h e v a c a n c i e i n a s t a t e n e a r t o t h a t o f t h e b u l k ; t h e y have a t e n d e n c y t o c a n c e l t h e p e r t u r b a t i o n c r e a t e d t h e s u r f a c e .
e -t h e e n e r g e t i c l e v e l s o f t h e d a n g l i n g bonds a t t h e s u r f a c e and i n t h e f i r s t i n -p l a n a r e a t t h e same p o s i t i o n . T h e r e f o r e , a l l t h e compounds h a v e t h e same b e h a v i o u r , e x c e p t f o r GaSb which h a s t h e l o w e s t i o n i c i t y and i s a t t h e lower l i m i t o f v a l i d a t i o n o f o u r p a r t i a l l y i o n i c model.
f -t h e most i m p o r t a n t e f f e c t is t h a t t h e b a r y c e n t e r of t h e cx ( V ) and a (111) e n e r g y l e v e l s h a s a t e n d e n c y t o m o v e t o w a r d s t h e upper pa%'Af t h e A s 1 f o r 6 i d d e n g a p a s i o n i c i t y o f t h e compound i n c r e a s e s . T h i s r e s u l t c a n b e compared t o t h e e x i s t i n g r e l a t i o n between t h e p i n n i n g o f t h e Fermi l e v e l by a m e t a l l i c a d s o r p t i o n and t h e compound's i o n i c i t y ( 2 ) . T h i s r e s u l t is i n good agreement w i t h t h e t h e o r i t i c a l c a l c u l a t i o n s i n a more r e f i n e d model of A. Dow and Smith ( 1 0 ) ; t h e y show t h a t : t h e l e v e l s of t h e v a c a n c i e a r e n o t p e r t u r b a t e d when t h e v a c a n c i e i s moving from t h e b u l k up t o 2 p l a n s t o t h e s u r f a c e . With t h e i n c r e a s i n g of i o n i c i t y , t h e a n i o n -l e v e l s have a t e n d e n c y , t o come c l o s e r t o t h e c o n d u c t i o n band w h i l e t h e c a t i o n one l e v e l s come c l o s e r t o t h e v a l e n c e band.
I t s e e m s c l e a r t h a t t h e v a c a n c i e s c o u l d form deep l e v e l s i n t h e band gap f o r t h e p a r t i a l l y c o v a l e n t s e m i c o n d u c t o r s and t h e n , t h e c o n t r o l of t h e b a r r i e r S c h o t t k y by t h e s e l e v e l s c o u l d b e e x p l a i n e d ; it would be n o t t h e c a s e f o r t h e i o n i c compounds, t h e l e v e l s a s s o c i a t e d t o t h e v a c a n c i e s b e i n g t o o c l o s e r t o t h e bands ; t h e s e compounds would f o l l o w t h e S c h o t t k y t h e o r y .
-.
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Conclusion
I n c o n c l u s i o n , w e have developped a rough b u t p h y s i c a l model which w e l l d e s c r i b e s t h e i m p o r t a n t p r o p e r t i e s o f t h e c r y s t a l i n f u n c t i o n o f a p a r a m e t e r l i k e i o n i c i t y . It a l l o w s u s t o perform a n i d e a l s u r f a c e c h a r a c t e r i z a t i o n and t o f o l l o w t h e i n f l u e n c e of t h e p o n c t u a l d e f e c t l i k e v a c a n c i e . It seems t h a t t h e e x p l a n a t i o n o f t h e Fermi l e v e l p i n n i n g by v a c a n c i e induced s t a t e s is one o f t h e most p o s s i b l e . An e f f o r t t o f i t t h e model t o o t h e r d e f e c t s h a s t o be done f o r a b e t t e r comparison. 6 LANGLADE P . , Thkse D o c t o r a t M o n t p e l l i e r (1982).
7 S e e f o r example : DECARPIGNY 3. N., Thhse D o c t o r a t L i l l e ( 1 9 7 3 ) .
8 KAHN A., CISNEROS G., BONN M., MARK P., S u r f . S c i . 7 1 (1978) 387. 
